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THE EFFECTS OF THE RULISON EVENT 
ON BUILDINGS AND 'OTHER SURFACE STRUCTURES 

Lloyd A .  Lee and Roger E. S k j e i  
John A. Blume & Associa tes  Research Divis ion  

San Francisco ,  C a l i f o r n i a  

INTRODUCTION 

P r o j e c t  RULISON i s  a j o i n t  experiment sponsored by Aus t ra l  O i l  Company Iricorpo- 
r a t e d ,  Houston, Texas, t h e  U.S. Atomic Energy Commission and t h e  Department of 
t h e  I n t e r i o r ,  with t h e  Program Management provided by CER Geonuclear Corpora- 
t i o n  of Las Vegas, Nevada under c o n t r a c t  t o  Aus t ra l .  I t s  purpose i s  t o  s tudy 
t h e  economic and t e c h n i c a l  f e a s i b i l i t y  of us ing  underground nuclear  explos ions  
t o  s t i m u l a t e  production of n a t u r a l  gas from t h e  low p r o d u c t i v i t y ,  gas  bea r ing  
Mesaverde formation i n  t h e  RULISON F i e l d .  

The nuc lea r  explos ive  f o r  P ro jec t  RULISON was detonated success fu l ly  a t  3:00 
P.M. p l u s  0 . 1  seconds Mountain Daylight Time, September 1 0 ,  1969, a t  a  depth of 
8425.5 f e e t  below ground l e v e l  and was completely contained.  Pre l iminary  r e -  
s u l t s  i n d i c a t e  t h a t  t h e  RULISON device behaved about a s  expected; i . e . ,  wi th  
a y i e l d  of about 40 k t .  The wellhead of t h e  emplacement w e l l ,  Hayward 25-95A, 
is  at  an e l e v a t i o n  of 8154 f e e t  above mean s e a  l e v e l  (MSL) and i s  l o c a t e d  
1976.31 f e e t  e a s t  of west l i n e  and 1813.19 feet nor th  of south l i n e  of Sec t ion  
25 ,  Township 7 South,  Range 95 west of 6 t h  P.M., Garf ie ld  County, Colorado 
which corresponds t o  geodet ic  coordina tes  of longi tude  107O56'53" west and l a t -  
i t u d e  39°24'21" nor th .  

John A. Blume & Associa tes  ~ e s e a r c h  Divis ion ,  under con t rac t  with t h e  Nevada 
Operat ions Office of t h e  U.S,Atomic  Energy Commission, has  been ass igned re -  
s p o n s i b i l i t y  f o r  s t r u c t u r a l  i nven to r i e s  i n  t h e  range of probable damage, s t r u c -  
t u r a l  response and damage p r e d i c t i o n s ,  su r face  e a r t h  s t r u c t u r e  hazard evalua- 
t i o n s ,  and recommendations f o r  s a f e t y  measures i n  t h e s e  p a r t i c u l a r  a s p e c t s .  
The p r e d i c t i o n s  were.based on f i e l d  d a t a ,  o f f i c e  s tud ies , .  ground motion pre-  
d i c t i o n s  from t h e  Environmental Research Corporation (ERC), and p e r t i n e n t  pub- 
l i s h e d  information.  

Th i s  paper  i s  e s s e n t i a l l y  an in t e r im r e p o r t  of c u r r e n t l y  a v a i l a b l e  d a t a .  S tud ies  
a r e  cont inuing t o  f u r t h e r  develop t h e  r e l a t i o n s h i p  of ground motion, s t r u c t u r e 1  
p r o p e r t i e s ,  and damage. 

STRUCTURAL RESPONSE 

The geographica l  d i s t r i b u t i o n  of towns, dams, and major populat ion c e n t e r s  with 
r ega rd  t o  RULTSON Ground Zero ( G Z )  i s  shown i n  Figure 1. Major i n d u s t r i a l  fa -  
c i l i t i e s  wi th in  35 k i lometers  include t h e  O i l  Shale Research Center a t  Anvil 



P o i n t s ,  t h e  Union Carbide P l a n t  at  R i f l e ,  and t h e  Publ ic  Service  Company Steam 
p l a n t  at Cameo. The major dams a r e  R i f l e  Gap Dam, Harvey Gap Dam, and Vega Dam.  
Smaller  dams a r e  loca ted  on Battlement Mesa, approximately 3 k i lometers  south 
of GZ.  Several  of t h e  Battlement Mesa dams have been inopera t ive  f o r  a  consid- 
e r a b l e  number of y e a r s ,  and of those  t h a t  d6 con ta in  water  t h e  o u t l e t  c o n t r o l  
works a r e  inopera t ive .  Consequently, t h e  flow t h a t  reaches  Battlement Creek i s  
normal overflow from t h e  r e s e r v o i r  surface  water ,  sus ta ined  by seepage through 
t h e  ground from t h e  r e s e r v o i r s '  a reas  i n  l a t e  summer. Of t h e  o t h e r  t h r e e  major 
dams, Harvey Gap above t h e  town of S i l t  presented an apparent  hazard i n  view of  
i t s  age ,  obvious d i s r e p a i r  of o u t l e t  works, and because of t h e  h igh water  l e v e l s  
i n  t h e  r e s e r v o i r  i n  e a r l y  spr ing .  However, when t h e  shot  de tonat ion  t ime was 
extended t o  September, t h e  r e s e r v o i r  was predic ted  t o  be nea r ly  empty and no 
hazard was then presented.  

Within t h e  range of 0 t o  5 k i lometers  from GZ t h e r e  a r e  3 l o g  cabins and 3 wood- 
frame cabins  genera l ly  used during t h e  summer. There i s  a l s o  a t e l e v i s o n  r e l a y  
s t a t i o n  with guyed t e l e v i s i o n  antennas and a small  meta l  shack housing t h e  e l ec -  
t r o n i c  equipment. 

Within t h e  range of 5 t o  10  ki lometers  t h e r e  a r e  approximately 184 l o c a t i o n s  
wi th  28 l o g  houses, 145 wood-frame houses and 20 masonry houses. There a r e  
a l s o  558 minor outbui ld ings .  Most of t h e  s t r u c t u r e s  wi th in  t h i s  5 t o  10  k i l o -  
meter range a r e  a s soc ia ted  with farms o r  summer cabins.  

The a r e a  from 10 t o  15  k i lometers  includes t h e  town of Grand Valley,  populat ion 
245, and t h e  Anvil Po in t s  O i l  Shale Research S t a t i o n .  Also included wi th in  
t h i s  range a r e  t h e  s t e e l  t r u s s  br idges  over t h e  Colorado River at Grand Valley 
and a t  Rulison. Table I i n d i c a t e s  t h a t  t h e r e  a r e  approximately 146 l o c a t i o n s  
i n  t h i s  range which could be t h e  source of damage complaints.  The s t r u c t u r e s  
inc lude  143 res idences  and 269 outbui ld ings  a s soc ia ted  wi th  t h e s e  res idences .  

From 1 5  t o  20 ki lometers  t h e r e  a r e  many small ranches,  t h e  town of Collbran,  
and t h e  l a r g e  Union Carbide P lan t  near R i f l e .  General ly,  t h e  s t r u c t u r e s  l o -  ' 

c a t e d  here  a r e  again a s  found i n  Table I with 209 l o c a t i o n s ,  218 houses, and 
614 assoc ia ted  outbui ld ings .  

The range of 20 t o  25 k i lometers  inc ludes  t h e  towns of R i f l e  with a popula t ion  
of 2135, t h e  town of De Beque with a populat ion of 173,  and Vega Dam. With t h e  
many small ranches and t h e  houses i n  R i f l e  and De Beque, t h e r e  a r e  893 loca-  
t i o n s  wi th  935 assoc ia ted  outbui ld ings .  The O i l  Shale Company of America, a 
consortium of s e v e r a l  o i l  companies, has a  f a c i l i t y  approximately 25 k i lometers  
northwest of GZ i n  t h e  Parachute Canyon a r e a  kn~wn a s  t h e  TOSCO F a c i l i t y .  The 
s t r u c t u r e s  a r e  conspicuous and t h e r e  i s  a l a r g e  tower approximately 200 f e e t  
h igh which is  s i t u a t e d  i n  t h e  Canyon. 

MaJor l o c a t i o n s  wi th in  t h e  range of 25 t o  30 k i lometers  inc lude  t h e  small town 
of S i l t  j u s t  e a s t  of R i f l e ,  and R i f l e  Gap D a m  as we l l  as many small  ranches.  
There a r e  184 loca t ions  with 177 houses and 601 assoc ia ted  outbui ld ings .  

The f i n a l  r i n g  i n  t h e  a r e a  of i n t e r e s t  covers t h e  range from 30 t o  35 k i l o -  
meters  and inc ludes  t h e  town of Mesa, many small  ranches,  and Harvey Gap Dam. 
A t  th'e 265 loca t ions  i n  t h i s  range t h e r e  a r e  266 houses wi th  519 assoc ia ted  
ou tbu i ld ings .  
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TABLE I - STRUCTURE DISTRIBUTION 

DAMAGE PREDICTIONS AND SAFETY RECOMMENDATIONS 

Ground motion p red ic t ions  f o r  t h e  maximum cred ib le  y i e l d  and corresponding pre- 
d i c t i o n s  of 5% damped Pseudo Re la t ive  Response Velocity Spec t ra  (PSRV) were 
provided by ERC. These d a t a  were then used i n  developing t h e  damage predic-  
t i o n s  and s a f e t y  recommendations. 

Hazards t o  personnel  were p red ic ted  t o  e x i s t  wi th in  7 . 4  k i lometers  a s  a  conse- 
quence of p red ic ted  ground motion i n  excess of 0.3g and evacuation and o the r  
appropr ia t e  s a f e t y  measures were taken.  I n  t h e  a r e a  from 7.4 t o  1 4  k i lometers  
l e s s e r  hazards t o  personnel  were p red ic ted  t o  e x i s t  a s  a  consequence of  ground 
motion between 0 .1  t o  0.3g. Inhab i t an t s  i n  t h i s  a r e a  were requested t o  be out- 
s i d e  and c l e a r  of t h e i r  s t r u c t u r e s  t o  avoid hazards r e s u l t i n g  from p o s s i b l e  
damage t o  t h e  s t r u c t u r e .  These c r i t e r i a  f o r  t h e  s a f e t y  o f  non-par t ic ipa t ing  
personnel  have been used extens ively  f o r  previous AEC even t s .  School bui ld ings  
were a l s o  temporar i ly  evacuated i n  R i f l e ,  Collbran,  and P la teau  Valley during 
t h e  event  t o  e l imina te  t h e  poss ib le  hazard which could be c rea ted  by over-re- 
sponse of school  ch i ld ren  t o  s t r u c t u r a l  motion. 

Rockfa l l s  a r e  a  normal hazard i n  many a r e a s  surrounding G Z .  A s  a  r e s u l t  of ex- 
t e n s i v e  i n v e s t i g a t i o n ,  t h e s e  p o t e n t i a l  r o c k f a l l  a r e a s  were i d e n t i f i e d .  Ranch 
occupants ,  and highway and r a i l r o a d  t r a f f i c  were kept  c l e a r  of t h e s e  a r e a s .  

Based on ground motion f o r e c a s t s  and s p e c t r a ,  a  d i s t ance  of 35 k i lometers  was 
s e l e c t e d  a s  t h e  range of p o t e n t i a l l y  damaging ground motion. Within t h i s  a rea  
of  35 k i lometers  from GZ a l l  s t r u c t u r e s  were l o c a t e d ,  inven to r i ed ,  and eval- 
u a t e d  f o r  p o s s i b l e  damage. Towns were t r e a t e d  a s  s e p a r a t e  u n i t s .  Outside of 
t h e  35 k i lometer  r a d i u s  and t o  a d i s t ance  of about 100 k i lomete r s ,  where ground 
motion was p red ic ted  t o  exceed 0.001g, a l l  a reas  were v i s i t e d  and p a r t i c u l a r l y  
vu lne rab le  s t r u c t u r e s  were noted and evaluated f o r  p o s s i b l e  damage. 

Following t h e  per iod  of reconnaissance,  inventory, 'and eva lua t ion  of s t ruc -  
t u r e s ,  a  pre-shot r e p o r t  was prepared and submitted. This  r e p o r t  summarizes 



s a f e t y  recommendations and s t r u c t u r e  damage p red ic t ions .  Recommended s t r u c t u r a l  
r e v i s i o n s  t o  s p e c i f i c  s t r u c t u r e s  were a l s o  included i n  t h e  pre-shot  r e p o r t .  
~ h e s e  involved b r i ck  chimney removal, undercribbing of s t r u c t u r e s ,  anchorage 
and brac ing,  and t h e  placement of s a f e t y  guys on t a l l  chimneys t o  guide  t h e i r  
d i r e c t i o n  of f a l l  i n  t h e  event of f a i l u r e .  Removal of t h e  chimneys w a s  based 
on an a n a l y s i s  of response under median ground motion and considered t h e  pre-  
s e n t  condi t ion  and t h e  consequences of f u r t h e r  damage t o  t h e  s t r u c t u r e  i n  t h e  
event of f a i l u r e .  

Damage p r e d i c t i o n s  were a r r ived  at by t h e  use of t h e  Blume-developed S p e c t r a l  
Matrix Method of Damage Pred ic t ion ,  and s e p a r a t e l y  confirmed by an engineer ing  
judgment p red ic t ion .  The damage p red ic t ions  i r i  t h e  pre-shot r e p o r t  involved 
a q u a l i t a t i v e  p red ic t ion  of damage a t  va r ious  l o c a t i o n s ,  a s  presented  h e r e  i n  
Table 11. Repair c o s t s  were a l s o  p red ic ted  and presented i n  t h e  pre-shot re-  
p o r t .  

By t h e  end of  1969, more than 90% of t h e  damage claims had been s e t t l e d  a t  a  
t o t a l  c o s t  of approximately $55,000. This  f i g u r e  i s  l e s s  than t h e  p red ic ted  
r e p a i r  c o s t s  and may be explained i n  p a r t  by t h e  f a c t  t h a t  t h e  p r e d i c t i ~ n  was 
based on c o s t  f igures  f o r  a c t u a l  p ro fess iona l  r e p a i r s .  Many c la iman t s ,  however, 
p r e f e r r e d  t o  accept  l e s s e r  cash se t t lements  and e i t h e r  make t h e i r  own r e p a i r s  
o r  simply accept  t h e  damage. 

ANALYSIS OF COMPLAINTS 

A s  of t h e  f irst  week of January 1970, 251 damage complaints have been analyzed 
from t h e  area wi th in  35 ki lometers  of GZ.  A few o the r  complaints ,  minor i n  
n a t u r e ,  have been received from ou t ly ing  a r e a s  and a r e  not  included i n  t h i s  
p r e s e n t a t i o n .  Table I11 summarizes t h e  va r ious  types  of damage claims grouped 
i n  ?-kilometer increments from GZ. Many of t h e  complaints a r e  m u l t i p l e  types  
involving two o r  more d i f f e r e n t  k inds  of damage a t  t h e  same l o c a t i o n .  

Table IV presen t s  a breakdown, again by 5-kilometer increments,  of t h e  t o t a l  
number of s t r u c t u r e  loca t ions  versus  damage complaints.  A s t r u c t u r e  l o c a t i o n  
as used he re  i s  a  house o r  cabin l o c a t i o n  with o r  without outbui ld ings .  Thus, 
a ranch i s  a s t r u c t u r e  loca t ion  and a house i n  Grand Valley i s  a l s o  a  s t r u c t u r e  
l o c a t i o n .  The a r e a l  d i s t r i b u t i o n  of s t r u c t u r e  loca t ions  and damage complaints 
o u t s i d e  of t h e  to%ms i s  shown i n  Figure 2 .  The 69 complaints i n  Grand Valley 
and t h e  74 complaints i n  R i f l e  a r e  no t  shown i n  t h i s  Figure.  

Table V p r e s e n t s  a comparison of complaints i n  t h e  t h r e e  main c a t e g o r i e s  (chim- 
neys,  i n t e r i o r  p l a s t e r ,  and masonry w a l l s )  wi th  t h e  inventor ied  number of chim- 
neys and t h e  est imated number of i n t e r i o r  p l a s t e r e d  wal ls  and e x t e r i o r  masonry 
walls. Also presented i s  t h e  approximate peak 5% damped s p e c t r a l  response 
i n  t h e  h o r i z o n t a l  and v e r t i c a l  d i r e c t i o n  and f o r  t h e  corresponding d i s t a n c e  
increment. These peaks represent  t h e  upper envelope of measured s p e c t r a  i n  
t h a t  d i s t a n c e  band. 







TABLE I1 

COt4PARISOI! OF DAMAGE PREDICTIORS AND ACTUAL EFFECTS 
. . 

(Based on predicted PSRV a t  design y i e ld  of 40 k i lo tons)  

Distance & 
Direction 

From GZ 
Name - (km) Predicted Effect Actual Effect  

Rulison a(-)  Moderate damage Moderate damage 

Grand Valley 10  NPJ Moderate damage Moderate damge 

Anvil Points  12  N Moderate t o  minor Possible minor 
damage road damage 

Microwave 1 4  Vl No damage No damage , 

Ranches 14(+)  SE Minor damage Minor damage 

Union Carbide 18 NF, Minor damage Minor damage 

Collbran 1 9  s Minor damage Minor damage 

R i f l e  20 NE Minor damage Minor damage 

De Beque 25 SW Minor damage Minor damage 

TOSCO 25 NN No damage No damage 

Vega Dam 25 SE No damage No damage 

Ri f le  Gap Dam 30 fiTE. No damage No damage 

S i l t  30 NE Minor damage Minor damage 

Mesa 32 SW Minor damage Minor damage 

Harvey Gap Dam 34 NE No predict ion No damage 

New Castle 40 NE No damage No damage 

Glenwood Springs 

Grand Junction 

Delta 

58 E No damage 

64 s\l No damage 

76 s No damage 

No damage 

Several minor 
complaints 

No damage 



TABLE I11 - SUMMARY OF D M G E  COMPLAINTS 



TABLE IV - COE4PARISON OF STRUCTURE LOCATIONS AND COMPLAINTS, 
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TABLE V - COMPLAINT COWISON VERSUS APPROXIMATE PEAK PSRV RESPONSE 

*Data not kvai lable .  

Distance 

(Kilometers)  

0-5 

5-10 

10-15 

15-20 

20-25 

25-30 

30-35 

Approximate Peak 5% Damped 
Ratio o f ~ c o m p l a i n t s  t o  Inventory Spec t ra l  Response 

Chimneys 

0/0 

311175 

561107 

41159 

23/449 

O/121 

01201 

I n t e r i o r  P l a s t e r  

010 

17/41 

44/54 

12/71 , 

50/350 

2/44 

1/87 

Sa 
(g). 

X 

3.5 

1 .6  

0.37 

0.62 

* 

0.12 

Masonry Walls 

010 

4/20 

14/15 

1/23 

161226 

2/25 

1/38 

Sa 
( g )  

* 

2.3 

1.0 

0.40 

0.36 

0.13 

0.13 

V e r t i c a l  
Sv 

(cm/sec) 

X 

56 

16 

7.0 

12 

' x 

3.0 

Horizontal  
SS 

(cm/sec) 

X 

42 

21  

8.2 

1 3  

7.0 

3.7 

Sd 
(cm) 

* 

1.3 

0.4 

0.20 

0.27 

* 

0.10 

Sd 
(cm). 

* 

1.3 

0.60 

0.26 

0.46 

0.36 

0.10 



CONCLUSIONS 

The precautions taken i g  having people evacuated from t h e  a r e a  o r  ou t s ide  of 
the-house 'and two bui ld ing he igh t s  away from t h e  house were well advised a s  was 
t h e  c a r e  taken during t h e  pre-shot a c t i v i t y  i n  removing o r  re-bui ld ing chimneys 
at close-in l o c a t i o n s .  A t  t h e s e  l o c a t i o n s  none of t h e  remaining chimneys f e l l ,  
a l though some loose  b r i c k s  on t h e  t o p s  of small chimneys d i d  f a l l  as was pre- 
d i c t e d .  Chimneys i n  most o ld  homes i n  r u r a l  a r e a s  a r e  unl ined and because of 
repeated  heat ing  and cool ing ,  and f reez ing and thawing cyc les  dur ing  t h e  yea r s ,  
t h e  mortar  j o i n t s  near  t h e  b r i c k  cap become loose  t o  t h e  p o i n t  t h a t  none of t h e  
b r i c k s  a r e  bonded. Many of t h e s e  chimneys which were damaged were noted i n  t h e  
o r i g i n a l  inventory as being a hazard because of  t h e  loose  b r i c k s  o r  badly dete-  
r i o r a t e d  condit ion.  

Ground motions from t h e  event were q u i t e  c lose  t o  p red ic ted  motions,. and a s  
shown i n  Table 2 ,  damage occurred i n  t h e  loca t ions  and g e n e r a l l y  to '  t h e  extent  
p red ic ted .  It i s  e a s i e r  t o . p r e d i c t  damage t o  s t r u c t u r e s  on a q u a l i t a t i v e  b a s i s  
t h a n  t o  p r e d i c t  t h e  a c t u a l  c o s t  of damage se t t lements .  This  i s  demonstrated 
by t h e  d i f fe rence  between se t t l ement  c o s t s  and p red ic ted  damage r e p a i r  c o s t s .  
The l a t t e r  i s  intended t o  cover a l l  damage, even t h a t  which may not be d i s -  

' - covered o r  claimed. Predic ted  damage c o s t s  w i l l  t h e r e f o r e  ve ry  l i k e l y  never 
be a c t u a l l y  a t t a i n e d .  

Fur the r  s tudy of RULISON damage claims w i l l  hopeful ly  l e a d  t o  understanding of 
r e l a t i o n s h i p s  between se t t l ement  c o s t s  t o  predic ted  damage r e p a i r  c o s t s  f o r  use 
Ofi f u t u r e  Plowshare p r o j e c t s .  
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